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Abstract. The observations of magnetic field variations as a signature of flaring activity is one of the main goal in solar physics. Some efforts in the past give apparently no unambiguous observations of changes. We observed that the scaling laws of the current helicity inside a given flaring active region change clearly and abruptly in correspondence with the eruption of big flares at the top of that active region. Comparison with numerical simulations of MHD equations, indicates that the change of scaling behavior in the current helicity, seems to be associated to a topological reorganization of the footpoint of the magnetic field loop, namely to dissipation of small scales structures in turbulence. It is evident that the possibility of forecasting in real time high energy flares, even if partially, has a wide practical interest to prevent the effects of big flares on Earth and its environment. (Priest, 1982) . As a consequence of random motion of the footpoints of the magnetic field in the photospheric convection (Parker, 1988) , flares represent the dissipation at the many tangential discontinuities arising spontaneously in the magnetic fields of active regions. The magnetic energy is released in various form as thermal, soft and hard X-ray, accelerated particles etc. The observations of magnetic field variations, as a signature of flares above active regions, has been one of the main goals in solar physics, and some attempts for this has been made in the past (e.g. Hagyard et al., 1999 and references therein). All efforts give apparently no unambiguous observations of changes. This is due to the fact that often investigations try to look for changes of the vector magnetic field as a whole. Recently, unambiguous observations of changing have been reported by Yurchyshyn et al., 2000 . The authors observed some typical changes of the scaling behavior of the current helicity calculated inside an active region of the photosphere, connected to the eruption of big flares above that active region. In the present paper we conjecture that the changes in the scaling behavior of the observed quantity is related to the occurrence of changes in the topology of the magnetic field at the footpoint of the loop.
The occurrence of scaling of signed measures calculated from scalar fields f (x) which oscillate in sign can be studied through the following steps. First of all, introduce the signed measure
through a coarse-graining of non overlapping boxes Q i (r) of size r, covering the whole field defined on a region of size L. It has been observed (Ott et al., 1992 ) that, for fields presenting self-similarity, this quantity displays well defined scaling laws. That is, in a range of scales r, the partition function χ(r), defined as
where the sum is extended over all boxes occurring at a given scale r, follows a power-law
The scaling exponent κ has been called cancellation exponent (Ott et al., 1992) Figure 1 shows the current Figure 1 helicity surrogate of the active region NOAA 7590 for five different times, during the flaring event. The presence of signed structures is evident, as well as their evolution with time. A signed measure can be defined from this quantity
In figure 2 we show, as example, the scaling behavior of χ(r) vs. r for a flaring active figure 2 region (NOAA 7315) which started to flare on October 22, 1992. At larger scales we find χ(r) ∼ const., and this is due to the complete balance between positive and negative contributions. The same behavior does not appear at smaller scales, showing that the resolution of the images is not high enough to resolve the smallest structures. In the intermediate region of scales, the cancellation exponent is found to be κ = 0.53 ± 0.09 (Yurchischin et al., 2000) .
Let us consider now what happens to the fractal dimension of current structures D
as a function of time. To this aim, we take different consecutive magnetograms of the same active region, and for each magnetogram, we compute the value of κ and then of D through relation (4). Note that, since cancellations in the vertical photospheric magnetic field B z (x, y) itself have been found to be very small (Lawrence et al., 1993; Abramenko et al., 1998) , with a cancellation exponent of the order of 10 −2 , cancellations of the current helicity are entirely due to the current structures.
In figure 3 , we report the time evolution of D superimposed to the flares occurred figure 3 in two active regions, namely NOAAs 7315, and 7590 (which flared on October 1, 1993).
Quite surprisingly we observe that the fractal dimension D, starting from a given value (D < 1), becomes abruptly larger in correspondence with a sequence of big flares occurring at the top of the active region into the corona. The same behavior has been found for all calculations in all active regions we examined. The increase of the dimension of the structures may be the signature that dissipation has occured. In fact, annihilation is responsible for the smoothing of the small scales structures.
As shown in figure 2, a saturation of χ(r) is observed at large scales. At the smallest scales, the density of the measure must becomes smooth (no changes in sign are present) and we might thus found a saturation of χ(r). The fact that we do not . In Figure 4 we display the current field J(x, y) for Figure 4 the numerical data, using ten snapshots in the statistically steady state, from t = 168 up to t = 336 in non-linear times units, τ N L . As can be seen, the presence of positive and negative structures is evident as in the case of the solar data. A clear evolution of the complexity of the field is present. The signed measure of the current can be then computed as usual:
J z (x, y) dx dy , and the scaling properties of the time averaged partition function are reported in figure 5. figure 5 The power-law scaling (3) is clearly visible in a range extending from the large scales (near the integral scale of the flow ℓ 0 ∼ 0.2L, L = 2π being the size of the simulation box) down to a correlation lenght r ⋆ of the order of the Taylor microscale λ ∼ 0.02L of the flow (see for example Frish, 1995) . In this region, we fit the partition function to obtain the cancellation exponent κ = 0.43 ± 0.06. A saturation of the partition function is observed at a scale r S which is found to be of the order of the dissipative scale of the flow. In fact, for scales smaller than r S the dissipation stops the structures formation cascade, so that cancellations are stopped too. The fractal dimension of the current structures has been computed using the relation (4), which gives D ≃ 1, indicating current structures similar to filaments. The presence of filaments can be clearly observed by a direct inspection of the current field contour plot, confirming the reliability of the model (see Sorriso-Valvo et al., 2002) .
In order to compare more directely the numerical results with the solar data cancellation analisys, we introduce now a new surrogate for the current helicity. Since in two-dimensional geometry the current helicity is zero, the current being perpendicular to the magnetic field, we simply consider H (2d) c (x, y) = J(x, y)|B(x, y)|, which is represented in Figure 6 for the same times snapshots as in Figure 4 . The current helicity Figure 6 surrogate, as in the case of the solar data, appears smoother than the current itself, and keeps the same structures topology and evolution. The signed measure of such field is then computed as in the previous cases:
The scaling properties of the partition function χ(r) can be now represented by the cancellation exponent, obtained by the usual fitting procedure after time averaging.
In Figure 7 we present the scaling of χ(r), together with the fitting power-law, for which Figure 7 we find an exponent κ = 0.46 ± 0.03. This result is very close to the result obtained for the current, showing that for our numerical data as well, the current field is the one responsible for sign singularities, and its structures control the cancellations.
We want now to study in more detail the time evolution of the cancellations effects in the two-dimensional numerical simulations. To do this, we plot in Figure 8 the which is however shifted with respect to the evolution of the cancellation exponents.
Unfortunately, due to the limited time interval of our simulations, it is impossible to say whether that shift is backward or foreward. Since the Reynolds number is related to the importance of dissipative effects against non linear effects in the turbulent cascade, it would be interesting to clarify this point as a further confirmation of our interpretation.
In this paper we point out that the changes in the scaling behavior of cancellations, 
